Abstract-This paper presents a study on the AC breakdown voltages of Palm Oil (PO) and Coconut Oil (CO) with presence of TiO 2 . The type of PO used in this study is Refined, Bleached and Deodorized Palm Oil (RBDPO). TiO 2 was added into RBDPO and CO at volume concentration of nanoparticles ranging from 0.001% to 0.05%. In total, 50 measurements of AC breakdown voltages were recorded and analyzed by Weibull and normal distributions. Based on the test results and statistical analyses, it was found that the TiO 2 could improve the AC breakdown voltages of RDBPO and CO.
I. INTRODUCTION
Among the main component in transformers is oil where it acts as electrical insulation and cooling medium [1] . Mineral oil is the most common type of oil used in transformers owing to its excellent dielectric properties.
In recent years, there have been a number of studies been carried out to improve further the electrical, physical and chemical properties of mineral oil [2] [3] [4] . These properties include the AC/lightning breakdown voltages characteristics and viscosity which is related with the cooling performance [5] . Generally, the nanoparticles applied in dielectric insulating fluid can be defined according to several categories which are conducting nanoparticles (Fe 3 O 4 , Fe 2 O 3 , ZnO, SiC), semiconducting nanoparticles (TiO 2 , CuO, Cu 2 O) and insulating nanoparticles (Al 2 O 3 , SiO 2 , BN) [6] . Most of studies showed that the properties of mineral oil could be improved after addition of nanoparticles.
Apart from mineral oil, there were also several researches that had been conducted to improve the performances vegetable oils by introduction of nanoparticles [7] [8] [9] . The properties of vegetable oil which is biodegradable, non-toxic and high fire safety make it very attractive for application in transformers [10] . Through addition of nanoparticles, the performance of vegetable oils can be further improved for application in transformers. Rape-seed based is the most common vegetable oil used and similar studies as in mineral oil had been conducted previously [11] [12] [13] .
Other types of vegetable oils that had been considered as dielectric insulating fluids in transformers are Palm Oil (PO) and Coconut Oil (CO). There are several types of oils that can be extracted from PO where Refined, Bleached and Deodorized Palm Oil (RBDPO) Olein is the most common PO proposed for transformers application [14] . Currently, there are still less studies that have been carried out to examine the performances of RBDPO and CO under influence of nanoparticles.
In this paper, an investigation on the AC breakdown voltages of RBDPO and CO under presence of TiO 2 is carried out. The AC breakdown voltage was measured according to ASTM D1816 and analyzed by Weibull and normal distributions.
II. EXPERIMENT SET-UP

A. Test Samples
The type of PO used in this study was RBDPO Olein. In total, 2 samples of RBDPO and 1 sample of CO were investigated. Different RBDPO were used in this study due to the consideration on the fat and vitamin E/A contents. The RBDPO and CO were obtained from readily available products in the market. Table 1 shows the composition of fats and vitamin E/A of these oils. The ratios of saturated and unsaturated fats among the RBDPO are almost equal where the range of ratio is between 1:1.2 and 1:1.33. RBDPOA has vitamin A and low amount of vitamin E while RBDPOB contains only vitamin E. On the other hand, CO mainly consists of saturated fat and has no either vitamin E or A. 
B. Pre-processing procedure
In this study, RBDPO and CO were tested under asreceived condition. The type of nanoparticle used in this study is TiO 2 . This compound is a semi conductive nanoparticle and has a diameter less than 21nm. The nanoparticle, TiO 2 was first dispersed into RBDPO and CO using a magnetic stirrer. The volume concentration of nanoparticles used in this study is 0.001%, 0.025% and 0.05%. The stirring time is kept around 30 minutes. All samples were rested further at ambient temperature for another 30 minutes before tested for AC breakdown voltage.
C. AC Breakdown Voltage Test
The AC breakdown voltage test was carried out according to ASTM D1816 by an automatic oil breakdown tester, BAUR DPA 75C at ambient temperature [15] . The test was carried out using VDE electrode with a diameter of 36 mm facing each other at a gap distance of 1 mm. The voltage ramping rate was set to 0.5 kV/s. The volume of the oil tested is 400 ml and the time interval between each breakdown was set to 5 minutes. In order to ensure equal distribution of the TiO 2 between electrodes, a magnetic stirrer was used to stir the fluid during the breakdown process. In total, 50 AC breakdown voltages were obtained for analysis.
III. RESULT AND ANALYSIS OF DATA
A. AC Breakdown Voltage
It was found that there is an increasing trend between AC breakdown voltages of all samples and volume of concentration of TiO 2 as shown in Fig. 1 . The AC breakdown voltages of RBDPOA increase almost linearly with the increment of TiO 2 . For RBDPOB and CO, the AC breakdown voltages reduce initially with addition of 0.001% of TiO 2 . The AC breakdown voltages of both of these oils start to increase after addition of 0.025% of TiO 2 . The highest percentages of increment for RBDPOA, RBDPOB and CO after addition of TiO2 are 20.6%, 16.8% and 20.3%. 
B. AC Withstand Voltage
In this study, both Weibull and normal distributions were used to analyze the breakdown voltages of all samples. The cumulative Weibull distribution function is given in Equation 1 where t is the measured data, is the scale parameter and is the shape parameter.
(1)
The cumulative normal distribution function is given in Equation 2 where μ is the mean and is the standard deviation.
(2)
The fitting of the breakdown voltages data according to Weibull and normal distributions can be seen in Fig.2 and Fig.3 . Based on the observation, it was found that Weibull distribution could fit most of the breakdown voltages better than normal distribution. For RBDPOA, RBDPOB and CO under both Weibull and normal distributions, the addition of TiO 2 causes a significant improvement on the AC breakdown voltages especially at lower probabilities as compared to base values. The AC breakdown voltages at 50% and 1% probabilities based on Weibull and normal distributions can be seen in Table 2 . For Weibull distribution, at 1% probability, the percentages of increment of AC breakdown voltages for RBDPOA, RBDPOB and CO after addition of 0.05% of TiO 2 as compared to base values are 63.6%, 57.9% and 82.4% while the percentages of increment for normal distribution are 45.0%, 53.7% and 65.3% respectively. 
IV. CONCLUSION
Based on this study, it was found that there is an apparent improvement of breakdown voltages of RBDPO and CO with addition of TiO 2 . The percentages of increment of breakdown voltages for all samples are between 0.5% and 20.6% after addition of 0.05% of TiO 2 . Statistical analysis based on Weibull and normal distributions show that there is clear trend of increment of breakdown voltages of all samples at all probabilities. For all samples, the significant improvement of AC breakdown voltages occurred at low probabilities where it can be up to 82.4%.
